A simple technique for blood collection in pigs of body weight 15-40 kg is described. The subcutaneous abdominal vein was used for rapid collection of 5-20 ml of blood samples. The animals were premedicated with 10 mg/kg of ketamine and 600 ",g of atropine given intramuscularly prior to blood collection.
The pig is a valuable model for biomedical research studies. Similarities in structure and function between pigs and human beings induding size, feeding pattern digestive physiology, dietary habits, kidney structure and function, pulmonary vascular bed structure, coronary artery distribution, propensity to obesity, respiratory rates, tidal volumes and social behaviour have been recognized. There are, however, technical difficulties in the use of this species as an experimental animal owing to its excitability as well as the relative lack of superficial blood vessels.
Several techniques for the collection of pig blood samples are in current use. One of these techniques is venous catheterization for subsequent blood sampling (Zanella et al., 1992; Takahashi, 1986; Fordetal., 1978; Brownetal., 1973; Weirich et al., 1970; Christison et al., 1969) . Venous catheterization requires an aseptic surgical procedure to implant the catheter. Although this is a well recognized and proper method for the serial, frequent collection of Correspondence to: Dr C Hu.
Received 2 October 1992; accepted 7 December 1992 blood specimens within a certain period, Jackson et al. (1972) , noted that the catheter needed to be flushed down by heparin in order to prevent blood clotting and formation of small valve-like thrombi at the tip of the catheter. Sometimes the taps develop leaks after a certain period. If the catheter is not properly secured infection may set in. Besides, the animal needs to be restrained when collection is made and housed individually to prevent them chewing at each other's catheter.
Other methods commonly used for bleeding from the pig include sampling from the ear or the tail vein, bleeding from the orbital sinus (Huhn et al., 1969) , and, on occasions, blood specimens may be obtained by direct cardiac puncture. The latter two listed techniques should only be used by experienced individuals, as their improper utilization may result in haemorrhage, heavily contaminated samples, inflammation, infection or even more serious damage.
The purpose of this paper is to describe a technique for blood sampling which is simple, effective and involves the minimum number of personnel.
Materials and methods
Two strains of pigs were used; a Landrace-Yorkshire cross and a 3-way Landrace-Yorkshire-Duroc cross. All pigs were acquired locally from the Primary Production Department Sembawang Field Experimental Station. Each pig was between 15 kg-40 kg in body weight.
Premedication consisted of a mixture of ketamine (10 mg/kg) and atropine sulphate (0' 06 mg per pig). This was introduced intramuscularly by using a blowpipe 'Telinject', (Vet. med Spezialger l GMBH) and a 3 ml syringe with a 21G needle. Sedation would be achieved in o 0 about 10min. The pig was then carried to a table and laid laterally on its side with its abdomen facing the operator. The subcutaneous vein was then located (Fig. 1 ) and the area swabbed with 70070 alcohol. Thumb pressure was applied on the proximal end of the vessel to occlude blood flow (Fig. 2) . A 2IG or I9G needle, depending on the animal size, was introduced into the engorged vessel. This enabled the required amount of blood to be easily collected. Haemostasis was achieved by application of thumb pressure for about 5 min. The pig was then returned to its pen and regained consciousness in about 20 min.
Results
A total of 34 pigs were used over a period of 2 years for 3 different projects; 10 for liver transplants, 14 for pancreatectomy and 10 for portal restructuring. Specimens of 10-15 ml of blood were collected weekly from these animals for liver and renal function tests.
Each animal was successfully bled through this subcutaneous vein at least once weekly. This procedure allowed repeated blood sampling over several weeks and has not posed any major difficulties or problems.
Discussion
Blood sampling from pigs has often presented unique problems. Major blood vessels lie below a large amount of subcutaneous fat and muscle mass thereby making identification difficult when relying on external landmarks. The method that we have described is one that those who work with pigs will find useful and simple to acquire. We find that pigs can be easily excited and become distraught when handled; Handling and sampling procedures have themselves been recognized as stress factors to the pig. In fact, maximum restraint in the absence of anaesthesia has been used to induce a stress response in several species (Langner et al., 1985) , making the pig an especially good subject for the study of stress. We have found that the blowpipe (Telinject) is a useful tool which does not require much skill for administering an injection. When the animal is sedated it is easy to handle and, therefore, stress is reduced to a minimum. The whole procedure takes about 15min.
We agree that for continued hourly blood sampling an indwelling catheter is possibly very practical. However, the maintenance of the catheter is very important when withdrawing samples and aseptic procedures should be observed. Catheters provide an ideal environment for the growth of microorganisms (Ford et al., 1978) . Antibiotics should be placed in the catheter between blood collections. Besides, the pig has a tendency of rubbing itself against the pen wall and the catheter might get caught in the pen or communal holding. This is one reason for the loss of use of a catheter. It is important to ensure the secure positioning of the catheter. Indwelling catheters also means that surgery has to be performed, which is time consuming and requires the involvement of skilled personnel during the surgery. After the sample has been withdrawn, the catheter should be flushed with heparin and for long-term use, these catheters should be flushed once or twice daily. Christison et al. (1969) reported that in some cases patency was lost while the catheter was within the animal. He suggested that the catheter tip rested against the vessel wall in such a way as to produce a valve-like closure. He concluded that only when a blood sample was withdrawn daily, or more frequently, did the catheter remain fully patent. On occasion portions of coagulated blood 2 cm in length were drawn from the catheter. Wachtel et al. (1976) reported that animals necropsied within 7 days of the catheter implantation showed minimal reaction to the catheters. But pigs necropsied 10-14 days after implantation generally had a fibrous reaction around the catheters which prevented their easy dislocation at necropsy.
Although ear veins are visible and large enough for collecting blood samples, we have not been successful in collecting more than 2 ml of blood before the vessel collapses. Besides, before collecting blood from the ear veins, the pig needs to be physically restrained. This creates unnecessary stress for the animal. Ear veins have been shown to be better for infusion than for blood collection. The tail vein has also been suggested for blood collection but one reason why it is not commonly used could be because it is not easily visible. To collect blood from the tail vein the animal also needs to be adequately restrained.
Other accessible veins are also rare. The femoral vein, although large, is not superficial and thus difficult to locate. Surgery would be required to locate it. Similarly, the jugular vein also requires a cut-down method to locate it. Without surgery, each of these veins must be approached blindly as the skin is thick and the vessels anatomically deeply located. They are, therefore, not good alternatives.
Blood collection from the orbital sinus has been a widely accepted technique in rodents. Huhn et al. (1969) attempted this bleeding technique in swine and he concluded it to be an efficient and simply performed procedure. However, we feel that the operator needs to be very experienced and an adequate restraint is required. The pig is a strong excitable animal and one should expect sudden violent movements. There is, therefore, a likelihood of a broken pipette which would mean danger to both the operator and the animal. Potential corneal abrasions could occur.
Therefore, we would like to conclude that for taking blood samples from the pig it is best to sedate the pig first before withdrawing the blood sample from the subcutaneous abdominal vein.
We have been able to repeat sampling at weekly intervals throughout the duration of the experimental period and have not encountered problems. A fairly large volume of blood can be rapidly withdrawn without causing the pigs much stress.
